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Previous Publ. patent AU 9741872 
Div ex application US 96741842 
Div ex patent US 5817129 

A continuous process for coating sutures comprises: (a) contacting 
a suture with a coating mixture; (b) removing the wet coated suture 
from the coating mixture and preventing at least part of the excess 
coating mixture on the suture from contacting the initial coating 
mixture (thus maintaining the initial coating mixture at a constant 
concentration); and (c) drying the suture. Also claimed are: (i) a 
suture coating apparatus comprising a vessel containing the coating 
mixture having an opening for passing at least 1 suture through; a 
guide means (GM) (1) for directing the suture into the coating mixture; 
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a GM (2) for directing the suture out of the mixture; and a GM (3) 
which either directs the suture through a sharp turn to remove excess 
coating, or has a surface which is adjacent to or contacts the suture 
and forms a meniscus to remove excess coating; and (ii) a suture 
coating head comprising a vessel containing coating mixture, having an 
opening for passing a suture through; a GM (1) positioned in the vessel 
for directing a suture from a vertical downward path to a vertical 
upward path; and a fluid impermeable diverter to control fluid 
communications from a suture as the suture exits the vessel. 

USE - The coatings can be applied to any suture material, 
particularly synthetic absorbable multifilament sutures. 

Dwg.2/4 
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B04-C03; B04-N02; B11-C04; D09-D; F01-E; F03-E01; F04-E04; G02-A05 
Chemical Fragment Codes (Ml) : 

*01* H7 H714 H721 JO J011 J3 J371 M210 M212 M262 M281 M320 M416 M423 M424 
M430 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 Q333 R042 V743 
R00444-M R00444-Q 

*02* H7 H714 H721 JO J011 Jl J171 M210 M212 M262 M281 M320 M416 M423 M424 
M430 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 Q333 R042 V743 
R00446-M R00446-Q 

*03* F012 F130 J5 J521 L9 L942 M280 M320 M413 M423 M424 M430 M510 M521 

M530 M540 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 Q333 R042 

V743 R01295-M R01295-Q 00357 
*04* F012 F163 J5 J521 L9 L942 M280 M320 M413 M423 M424 M430 M510 M521 

M530 M540 M740 M782 M903 M904 N105 QUO Q130 Q322 Q333 R042 V743 

R22419-M R22419-Q 00357 00263 
*05* F012 F170 J5 J521 L9 L942 M280 M320 M413 M423 M424 M430 M510 M521 

M530 M540 M740 M782 M903 M904 N105 QUO Q130 Q322 Q333 R042 V743 

R22417-M R22417-Q 00357 00263 00351 
*06* F012 F013 F015 F016 F163 J5 J522 L9 L942 L999 M210 M211 M240 M282 

M320 M413 M423 M424 M430 M510 M521 M530 M540 M740 M782 M903 M904 

N105 QUO Q130 Q322 Q333 R042 V743 R10252-M R10252-Q 00357 00263 

00351 

*07* F012 F013 F015 F016 F163 J5 J522 L9 L942 L999 M210 M211 M240 M282 
M320 M413 M423 M424 M430 M510 M521 M530 M540 M740 M782 M903 M904 
N105 QUO Q130 Q322 Q333 R042 V743 R10253-M R10253-Q 00357 00263 
00351 

*08* H721 H722 H723 JO J013 J2 J273 M225 M226 M231 M232 M233 M262 M283 
M313 M321 M332 M343 M383 M391 M416 M423 M424 M430 M620 M740 M782 
M903 M904 N105 QUO Q130 Q322 Q333 R042 V743 R90112-M R90112-Q 00357 
00263 00351 

*09* H7 H713 H721 JO J011 J2 J271 M210 M211 M212 M262 M272 M281 M320 M416 

M423 M424 M430 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 Q333 

R042 V743 R00835-M R00835-Q 00357 00263 00351 
*10* H4 H401 H481 H7 H713 H721 H8 M210 M212 M272 M281 M320 M423 M424 M430 

M510 M520 M530 M540 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 

Q333 R042 V743 R21380-M R21380-Q 00357 00263 00351 
*11* M423 M424 M430 M740 M782 M903 M904 M910 N105 QUO Q130 Q322 Q333 

R042 V711 R01852-M 00357 00263 00351 
*12* M423 M424 M430 M740 M782 M903 M904 N105 QUO Q130 Q322 Q333 R042 

V752 R24034-M 00357 00263 00351 
*13* JO J011 Jl Jill KO L8 L815 L816 L831 L832 M423 M424 M430 M740 M782 

M903 M904 N105 QUO Q130 Q322 Q333 R042 V735 R24069-M 00357 00263 

00351 

*14* M423 M424 M430 M740 M782 M903 M904 N105 QUO Q130 Q322 Q333 R042 

V751 R24033-M 00357 00263 00351 
*15* JO J011 Jl Jill KO L8 L815 L816 L831 L832 M423 M424 M430 M740 M782 

M903 M904 N105 QUO Q130 Q322 Q333 R042 V735 R03104-M 00357 00263 

00351 

*16* JO J011 Jl Jill KO L8 L811 L814 L815 L817 L831 L832 M423 M424 M430 
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M740 M782 M903 M904 N105 QUO Q130 Q322 Q333 R042 V735 R24037-M 
00357 00263 00351 

*17* H4 H402 H482 H5 H589 H8 M280 M312 M323 M332 M342 M383 M393 M423 M424 
M430 M510 M520 M530 M540 M620 M740 M782 M903 M904 M910 N105 QUO 
Q130 Q322 Q333 R042 V743 R02044-M 00357 00263 00351 
*18* K0 L8 L814 L816 L831 L832 M423 M424 M430 M740 M782 M903 M904 N105 
QUO Q130 Q322 Q333 R042 V735 R16377-M 00357 00263 00351 
Chemical Fragment Codes (M6) : 

*19* M903 QUO Q130 Q322 Q333 R042 R120 00357 00263 00351 
Polymer Indexing (PS) : 
<01> 

*001* 018; P1707 P1694 D01 

*002* 018; R24033 G3714 P0599 D01 F70 

*003* 018; R00444 G0453 G0260 G0022 D01 D12 D10 D26 D51 D53 D58 D83 F70 

F93; HOOOO; P0088 
*004* 018; R24034 G3714 P0599 D01 F70 

*005* 018; G2062-R D01 D60 F07 F35; P0635-R F70 D01; HOOOO 

*006* 018; R00351 G1558 D01 D23 D22 D31 D42 D50 D73 D82 F47; P0975-R 
P0964 F34 D01 D10; HOOOO; H0011-R; P0055 

*007* 018; G4068 G2131 D01 D10 Dll D22 D23 D32 D46 D50 D76 D86 F43; 

R17298 G2131 D01 D23 D22 D31 D46 D50 D84 F43; R01295 G2131 D01 D23 
D22 D31 D42 D50 D77 D86 F43; G2142 G2131 D01 F43 D23 D22 D31 D76 
D46 D50 D84 F34; R00844 G1296 D01 Dll D10 D23 D22 D31 D46 D50 D63 
D75 D84 F44; G1309 G1296 D01 D63 F44 Dll D10 D23 D22 D31 D74 D46 
D50 D83; P1978-R P0839 D01 D50 D63 F41; P0055; HOOOO; H0011-R 

*008* 018; R00835 G0566 G0022 D01 Dll D10 D12 D51 D53 D58 D63 D84 F41 F89 
; G0022-R D01 D51 D53 D60 F35-R; H0011-R 

*009* 018; G2142 G2131 D01 F43 D23 D22 D31 D76 D46 D50 D84 F34; Dll D10 
D50 E10 EOO; P1978-R P0839 D01 D50 D63 F41; P0055; H0011-R 

*010* 018; ND07; ND05; J9999 J2915-R; K9416; Q9999 Q7114-R; N9999 N7147 
N7034 N7023; K9676-R; K9483-R; N9999 N6780-R N6655; B9999 B4488 
B4466; Q9999 Q8026 Q7987; Q9999 Q8059 Q7987 

<02> 

*001* 018; G3634-R D01 D03 Dll D10 D23 D22 D31 D42 D76 F24 F34 H0293 
P0599 G3623 

*002* 018; ND07; ND05; J9999 J2915-R; K9416; Q9999 Q7114-R; N9999 N7147 
N7034 N7023; K9676-R; K9483-R; N9999 N6780-R N6655; B9999 B4488 
B4466; Q9999 Q8026 Q7987; Q9999 Q8059 Q7987 

*003* 018; B9999 B3521-R B3510 B3372; B9999 B3430 B3372 
Ring Index Numbers: ; 00357; 00263; 00351; 00263; 00263 

Derwent Registry Numbers: 0444-S; 0444-U; 0446-S; 0446-U; 0835-S; 0835-U; 

1295-S; 1295-U; 1842-S; 1842-U; 1852-U; 2044-U 
Specific Compound Numbers: R00444-M; R00444-Q; R00446-M; R00446-Q; R01295-M 

; R01295-Q; R22419-M; R22419-Q; R22417-M; R22417-Q; R10252-M; R10252-Q; 

R10253-M; R10253-Q; R90112-M; R90112-Q; R00835-M; R00835-Q; R21380-M; 

R21380-Q; R01852-M; R24034-M; R24069-M; R24033-M; R03104-M; R24037-M; 

R02044-M; R16377-M 
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(54) Process and apparatus for coating surgical sutures 
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Description 

Field of the Invention 

This invention relates to a process for coating sur- 
gical ligatures such as sutures and an apparatus for 
coating surgical ligatures. 

Background of the Invention 

Sutures are generally coated with a lubricious coat- 
ing to improve the tie down and knot adjustability of the 
suture. Additionally, these coatings may also reduce the 
drag associated with passing the suture through the tis- 
sue thereby reducing the tissue trauma. 

The coatings that are applied to sutures generally 
contain a biocompatable polymer and optionally other 
additives such as, fatty acid salts or esters may be add- 
ed into the coating to further improve the lubricity of the 
coated sutures. These coatings are usually dissolved or 
suspended in a volatile organic liquid and applied in the 
form of a liquid coating to the sutures. Conventionally 
these liquid coatings have been applied by dip coating, 
bushing, wiping, drip coating, spray coating or by using 
a coating/filling head. Sutures can be dip coated in a 
batch process by winding a suture on a frame and im- 
mersing the frame into a coating solution or in a contin- 
uous process in which the suture is passed under ten- 
sion into a dip tank then through a drying tunnel (as de- 
scribed in U.S. Patent No. 3,982,543). In a continuous 
dip coating process sutures are generally coated at a 
rate of about 45-60 feet per minute. Another means of 
coating sutures is to drip coat a suture using a syringe 
pump to apply the coating to a moving suture. Sutures 
can be drip coated at about 44 meters per minute, (de- 
scribed in U.S. Patent No. 5,472,702 column 7, lines 
1 -20). Coating/filling heads have also been used to coat 
sutures, such as the filling heads described in U.S. Pat- 
ent No. 5,447, 1 00. The speed at which sutures are coat- 
ed using these filling heads is about 50 meters per 
minute (see column 14, line 58 of U.S. Patent 
5,447,100). 

Although the coating process that have been con- 
ventionally used provide acceptable coatings for su- 
tures, the production speeds at which the coatings are 
applied are very low. Therefore, it would be a significant 
contribution to the art of suture production to provide a 
faster means for coating sutures. 

Summary of the Invention 

We have discovered a suture coating apparatus 
comprising a vessel suitable for containing a coating 
mixture having an opening suitable for passing a suture 
through; a first guide means for directing a suture into 
the coating mixture contained in the vessel; a second 
guide means positioned in said vessel suitable for redi- 
recting the suture out of the coating mixture; a third 



guide means suitable for redirecting a suture through at 
least about a 90 degree turn; wherein the suture travels 
at a speed sufficient to remove any excess coating en- 
trained by the suture when it is redirected by the third 
s guide means. 

We have discovered a suture coating apparatus 
comprising a vessel suitable for containing a coating 
mixture having an opening suitable for passing a suture 
through; a first guide means for directing a suture into 
io the coating mixture contained in the vessel; a second 
guide means positioned in said vessel suitable for redi- 
recting the suture out of the coating mixture; a third 
guide means having a surface which is adjacent to or 
contacts the suture and forms a meniscus that remove 
is any excess coating entrained by the suture when it is 
redirected by the third guide means. 

We have also discovered a continuous process for 
coating sutures comprising in a continuous process con- 
tacting a suture with a coating mixture (which forthe pur- 
pose of this invention includes solutions, dispersion, 
emulsions, suspensions and the like) to provide a wet 
coated suture; removing the wet coated suture from the 
coating mixture and completely or partially preventing 
the excess coating mixture on the wet coated suture 
from contacting the coating mixture thereby maintaining 
the coating mixture at a substantially constant concen- 
tration; and drying the wet coated suture to provide a 
coated suture. 

In another embodiment of the present invention we 
have discovered a suture coating head comprising a 
vessel suitable for containing a coating mixture having 
an opening suitable for passing a suture through; a first 
guide means for directing a suture from a substantially 
vertical downward path to a substantially vertical up- 
ward path, said first guide means being positioned in 
said vessel; and a fluid impermeable diverter being po- 
sitioned to control fluid communications from a suture 
as the suture exits the vessel. 

Description of the Figures 

Fig. 1 illustrates one embodiment of a coating line 
suitable for coating a surgical suture. 

Fig. 2 illustrates a coating head which is suitable for 
coating a surgical suture. 

Fig. 3 illustrates a cross-section of one embodiment 
of guide means. 

Fig. 4 illustrates an alternative embodiment of the 
coating head which is suitable for coating a surgical su- 
ture. 

Detailed Description 

The inventive system for coating sutures is illustrat- 
ed in Figure 1 . As shown in Figure 1 a spool 2 of suture 
4 is placed on let off device 6. The suture 4 travels from 
let off device 6 to the coating head 20 as shown in Fig. 
2. The coating head 20 comprises a support 22 to which 
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are attached a first guide means 30 and second guide 
means 32 (which as illustrated comprise guide rollers 
but may include wire loops or pigtails) for directing the 
suture 4 into the coating mixture 25 contained in vessel 
24 and preferably secured in position relative to said 
vessel 24. The guide rollers are made of a nontoxic non- 
reactive material which is inert to the solvents employed 
in the coating mixture. Preferably the guides rollers will 
be coated with a nonreactive material such as a ceram- 
ic, or stainless steel alloy (such as the rollers manufac- 
tured by Yuasa of Japan). The first guide means 30 re- 
direct the suture 4 from a horizontal path to a path which 
is substantially vertical and downward. The first guide 
means 30 may be associated with one or more addition- 
al guide means (as illustrated in Figure 2 guide roller 28) 
which reorients the suture to a substantially vertical 
path. The suture 4 then travels from the first guides 
means 30 to a second guide means 32 which orients 
the suture 4 to a substantially vertical path which is up- 
ward (which is preferably perpendicular to the surface 20 
of the coating mixture). The second guide means 32 
may be associated with a third guide means 34. The 
third guide means 34 may be associated with one or 
more auxiliary guide means to further reorient the suture 
such as guide means 36 and 38. 25 

As the suture passes from the guide roller 30 to 
guide roller 32 it is submerged in coating mixture 25 and 
is coated with the coating mixture 25 to provide a wet 
coated suture 5. After the wet coated suture 5 has been 
reoriented by the guide roller 32 it emerges from the 30 
coating mixture 25 as a wet coated suture 5 and is 
turned through a sharp turn which is designed to gener- 
ate sufficient centrifugal force to remove the excess 
coating mixture entrained with the suture. The angle and 
radius of the turn will vary depending on the composition 35 
and density of the coating mixture, the speed that the 
suture is moving, the viscosity of the coating mixture and 
the size of the suture. Currently it is preferably for sizes 
0 to 8-0 suture that the turn be at least about 1 20 degree 
turn by guide means 34 and preferably through at least 40 
about 160 degree turn suture (using the preferred cal- 
cium stearate, film-forming polymer mixture in ethyl ac- 
etate). 

Alternatively, the excess coating may be removed 
from the surface of the suture after it emerges from con- 45 
tacting the coating by positioning a surface in close prox- 
imity (adjacent) to the path of the suture or in contact 
with the suture as it exits the vessel. The surface should 
be placed close enough to the surface of the suture to 
form a meniscus with the wet coated suture. The me- so 
niscus will facilitate the removal of the excess coating 
mixture and may have various geometries from a round- 
ed point to a flat surface. In one embodiment of the in- 
vention it is proposed to size the guide means 34 with 
the sides of the guide means 34A and 34B being suita- ss 
ble for forming a meniscus 300 and removing the excess 
coating mixture as shown in Fig. 3. 

Guide means 34 is important for separating the ex- 
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cess coating mixture from the wet coated suture 5, 
which substantially prevents an excessive or uneven 
amount of coating from being deposited on the suture. 
Guide means 34 reorients the coated suture 5 from a 
s vertical upward path to a path that is substantially verti- 
cal and downward. From guide roller 34 the coated su- 
ture 5 travels to guide roller 36 which reorients the coat- 
ed suture 5 into a substantially horizontal path. The coat- 
ed suture 5 then optionally travels to guide roller 38 
10 which completes the orientation of the coated suture 5 
to a substantially horizontal path. 

In an another embodiment of the invention when the 
coated suture 5 emerges from the coating mixture 25, 
excess coating mixture 25 is entrained with the wet coat- 
ed suture 5. The excess coating mixture falls off the 
coated suture 5 as it travels through guide means 34 (as 
shown in Fig. 2). As the excess mixture drips off the 
coated suture 5, it is caught by a diverter 40 which par- 
tially or completely prevents it from returning to the coat- 
ing mixture 25 and changing the concentration of the 
coating mixture 25. Maintaining a substantially constant 
concentration of solvent to the biocompatable polymer 
and optionally fatty acid is important to maintaining a 
uniform suture coating. The coating mixture caught by 
the diverter 40 may be fed to a reservoir for reconstitu- 
tion and reuse or disposal. The diverter 40 significantly 
improves the final suture product by insuring a uniformly 
coated suture is produced throughout the coating proc- 
ess. The diverter 40 can constitute a plate that com- 
pletely separates the vessel into an upper and lower 
section. 

Alternatively, some of the coating mixture may be 
returned to the coating bath to minimize waste. Howev- 
er, the amount returned to coating bath must not be 
enough to adversely affect the concentration of the coat- 
ing bath. The drip guard 440 shown in Figure 4 provides 
a means for returning the excess coating mixture to the 
coating bath. The drip guard 440 as shown in Fig. 4 has 
two side members 442 and 444 attached along opposite 
sides of base 446. The excess coating "mixture coming 
off of the suture at guide means 34 is directed by the 
drip guard 440 into the diverter. Suture lines without the 
drip guard 440 drip their excess directly back into the 
vessel 24 via the same opening in the diverter that pro- 
vides access to guide means 32. The excess coating 
mixture not returned to the vessel is directed by diverter 
plate 450 to drain 452. 

Additionally, the guide roller assembly shown in Fig. 
2 and Fig. 4 allows sutures to be coated iat processing 
speed of greater than 175 feet per minute and will pref- 
erably operate in the range of from about 200 to about 
450 feet per minute. 

The level of the coating mixture 25 in the vessel 24 
is maintained at a constant level and additional coating 
mixture 25 is supplied by coating reservoir 26 which is 
in fluid communication with vessel 24 by means of an 
outlet in the reservoir, a conduit 456 and an inlet 454"in 
the vessel (as shown in Fig. 4). The vessel 24 and res- 
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ervoir 26 may be equipped with a temperature control- 
ling means, recirculating means and/or an agitating 
means to assure the coating mixture remains uniform 
(such as the magnetic stirring bar 37 shown in vessel 
24). The coating mixture level in the vessel 24 may be 
maintained at a constant level by an automatic feed sys- 
tem which controls the transfer of coating mixture from 
the reservoir 26 to the vessel 24. A gravity feed system 
or mechanical system may be used for this purpose. The 
vessel 24 during operation may be closed or covered 
with a cover 23 to prevent the solvent in the coating mix- 
ture from volatilizing into the air. The cover may also be 
connected to a vent assembly 41 to remove solvent va- 
pors from the work area. Alternately, the coating assem- 
bly may be enclosed in a hood or placed in close prox- 
imity to a fume remove vent. 

After the wet coated suture 5 leaves the coating 
head 20, it proceeds to a drying tunnel 44 where the 
coating mixture is dried on the coated suture 5 and the 
solvent is substantially removed. The drying tunnel 44 
should be maintained at a temperature of from about 
20°C to about 125°C, preferably in the range of from 
about 40°C to about 65°C and most preferably in the 
range of from about 45°C to 55°G. The drying tunnel 44 
should also have a gas flow (filtered air or other inert 
gas such as, nitrogen, carbon dioxide etc. with a mois- 
ture content preferably of less than 30 percent) through- 
out the tunnel (preferably in the opposite direction of 
coated suture 5) in an amount sufficient to provide the 
desired degree of drying in a desired amount of time. 
Generally the air flow will be in the range of about 25 to 
about 3000 cu.ft./min., preferably in the range of 5 from 
about 50 to about 800 cu.ft./min. and most preferably 
55 to 75 cu.ft./min. The coated suture 5 will have a res- 
idence time in the drying tunnel 44 sufficient to render 
the suture dry to the touch and remove substantially all 
the coating mixture solvent. Currently, it is preferred for 
the coated sutures to reside in the drying tunnel 44 or 
from about 1 to about 20 seconds and most preferably 
for from about 3 to about 7 seconds. The amount of time 
the coated suture 5 is in the drying tunnel can be in- 
creased by adding two turning guide such as guide roll- 
ers 46 and 48 in the drying tunnel 44 to the allow the 
suture to traverse the tunnel several times. 

The dried suture may then be taken up on a take up 
spool 64, preferably the suture will first travel through a 
godet drive 60 to equilibrate the tension on the coated 
suture 5 and then it will travel to a take up winder 62. 

Those skilled in the art will also appreciate that by 
placing additional spools on the let off device 6 and a 
plurality of guide means in parallel on frame 22, that sev- 
eral sutures could be simultaneously coated by a single 
coating head 20. The presence of additional sutures 
would also require adjustments in the air flow and a take 
up winder 62 capable of winding multiple spools of su- 
tures. It is currently preferred to coat one to six sutures 
simultaneously. 

Suture coatings generally contain one or more bio- 
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compatable polymer and optionally other additives such 
as fatty acid salts or esters. Suitable biocompatable su- 
ture coatings that have been suggested in the literature 
include nonabsorbable materials such as silicone, te- 
s flon, beeswax, polybutilate or polyetherimides, as well 
as, absorbable materials such as homopolymers and 
copolymers of glycolide, Jactide (which includes L-, D-, 
and meso- forms of lactide and mixtures thereof), £- 
caprolactone, p-dioxanone, trimethylene carbonate, 

10 1 ,4-dioxepan-2-one, polyalkylene glycols, castor oil de- 
rivatives, polyoxaesters, polyoxaamides, copolymers of 
vinyl acetates with unsaturated carboxylic acids (such 
as crotonic, acrylic, and methyacrylic acids), water sol- 
uble or dispersible cellulose derivatives (such as methyl 

is cellulose, hydroxymethyl cellulose and carboxymethyl 
cellulose); natural gums; ethylene oxide polymers poly- 
acrylamide; collagen; gelatin; polyamino acids; polyvi- 
nyl alcohol; absorbable conjugated unsaturated triglyc- 
erides such as dehydrated castor oil and mixtures of 

20 such polymers. Several of these coatings are described 
in one or more of the following U.S. Patents 3,527,65Qg 
(teflon coatings); 3,942,532 (aliphatic polyesters)? 
4,105,034 (polyalkylene oxalates); 4,624,256 (poly ec- 
aprolactone): 4,791,929 (poly e-caprolactone-coglycol- 

25 ide); 4,994 ; 074 (poly e-caprolactone-coglycolide); 
5,037,950 (polyp-dioxanone-co-ecaprolactone); 
5,102,420 (polyether-co-amides): 5,371,176 (castor oil 
derivatives); 5,442,032 (homopolymers and copoly- 
mers of 1,4-dioxepan-2-one); and 5,464,929 (polyox- 

30 aesters) which are all hereby incorporated herein by ref- 
erence. Particularly preferred are film-forming copoly- 
mers of L-lactide and glycolide which contain from about 
1 5 to 85 percent L-lactide, and have an inherent viscos- 
ity of from about 0.5 to 2.0 measured as a 0.1 percent 

3S mixture in hexafluorisopropanol at 25°C. 

The fatty acid salts useful in the coating composi- 
tions of the present invention are biocompatable salts 
of fatty acids including the calcium, magnesium, barium, 
aluminum, and zinc salts of six carbon and higher fatty 

40 acids, particularly those having from about 1 2 to 22 car* 
bon atoms and mixtures thereof. The calcium salts or 
stearic, palmitic and oleic acids are particularly pre- 
ferred for use in the present invention. 

The ratio of the polymer and the fatty acid salt in the 

45 coating composition may vary depending upon the spe- 
cific components selected and the particular suture be- 
ing coated. In general, the preferred ratio of polymer to 
salt is within the range of 2:1 to 1:2 by weight, although 
useful compositions are obtained over a wider range of 

50 from about 1 :4 to 4: 1 parts by weight. 

With sutures composed of homopolymers or copol- 
ymers of lactide and glycolide, the polymers in the coat- 
ing composition is preferably polylactide or a copolymer 
of L-lactide and glycolide containing at least about 15 

55 percent L-lactide, and preferably having different solu- 
bility characteristics than the suture. For example, a su- 
ture made of a lactide-glycolkte copolymer containing 
about 10 percent of lactyl moieties may be coated with 
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a composition containing, as a biocompatable polymer 
a lactide-glycolide copolymer containing about 65 per- 
cent of lactyl moieties, which copolymer is more readily 
soluble in the selected solvent system than the suture 
material. 

The biocompatable polymer in the coating compo- 
sition may, it desired, be the same composition as the 
suture provided that precautions are taken to avoid dis- 
solving the suture when the coating composition is ap- 
plied. This can be done by utilizing a coating composi- 
tion in which the biocompatable polymer is in mixture at 
substantially saturation levels and the contact time of 
the suture with the coating composition is short before 
the solvent is driven off. 

Where the compositions of the suture and the pol- 
ymers in the coating are identical, and in other instances 
where the suture material may be subject to some sur- 
face dissolution and/or surface sweliing or softening by 
reason of the action of the solvent thereon, there may 5 
be a gradual transition between the substrate composi- 
tion and the coating. composition rather than a sharp in- 
terface between them. There may also be some weak- 
ening of the suture accompanying the application of 
such coating compositions. 

The coating composition may, if desired, also con- 
tain components other than those discussed above for 
other useful purposes including dyes, proteins (such as 
growth factors), antibiotics, antiseptics, anesthetics and 
anti-inflammatory agents. 

Suitable solvents for these biocompatable poly- 
mers are generally volatile organic solvents such as 
chloroform, toluene* xylene, 1,2,2-trichloroethane and 
blends thereof. However, preferred are less toxic sol- 
vent such as acetone, ethyl acetate, ethyl acetate/eth- 
anol, n-propyl acetate/acetone, isopropyl acetate/etha- 
nol, ethyl acetate/acetone and blends thereof. 

Generally, this solvent will constitute from in the 
range of about 98 to about 80 weight percent of the coat- 
ing mixture, preferably the solvent will be in the range 
of from 96 to 85 weight percent and most preferred in 
the range of from 96 to 90 weight percent (wherein the 
total weight percent is 100 weight percent). 

When the coating contains a lactide and glycol ide 
copolymer and a fatty acid salt or ester it is preferred 
that the solvent be ethyl acetate, acetone or a combina- 
tion of solvents. If the solvent system is a combination 
of ethyl acetate/ethanol, it should contain in the range 
from about 99 to about 70 weight percent ethyl acetate 
and preferably in the range from 90 to 80 weight percent 
ethyl acetate. If the solvent system is a combination of 
ethyl acetate/acetone, it should contain in the range 
from about 99 to about 1 weight percent ethyl acetate 
and preferably from in the range of from 90 to 1 0 weight 
percent ethyl acetate. If the solvent system is a combi- 
nation of n-propyl acetate/acetone, tt should contain in 
the range from about 90 to about 25 weight percent n- 
propyl acetate and preferably in the range from 80 to 40 
weight percent n-propyl acetate. If the solvent system is 



a combination of isopropyl acetate/acetone, it should 
contain in the range from about 65 to about 10 weight 
percent isopropyl acetate and preferably about 55 to 
about 10 weight percent isopropyl acetate. 
s The amount of coating composition applied to the 
fiber, or the coating add-on, will vary depending upon 
the construction of the fiber, e.g., the number of fila- 
ments and tightness of braid or twist. In general, the 
coating composition applied to a braid will constitute 
from about 0. 1 to about 1 0 percent by weight of the coat- 
ed fiber, but coating composition may range from as little 
as about 0.05 percent by weight to as much as about 
15 percent or higher in some cases. As a practical mat- 
ter and for reasons of economy and general perform- 
ance, it is generally preferred to apply the minimum 
amount of coating composition consistent with good tie- 
down performance, and this level of coating is readily 
determined experimentally for any particular fiber-coat- 
ing system. 

The coatings are applied to any suture material 
where it is desired to improve fiber lubricity, suture tie- 
down characteristics, or the like. The coating is particur 
larly useful with synthetic absorbable multifilament su- 
tures such as homopolymers and copolymers of glycol- 
ide, lactide (which includes L-, D-, and mesoforms of lac- 
tide and mixtures thereof), e-caprolactone, p-diox- 
anone, trimethylene carbonate, 1 ,4-dioxepan-2-one, 
poly(alkylene oxalate), and mixtures of such polymers 
with each other and with other compatible absorbable 
compositions as those described; for example, in U.S. 
Pat. Nos. 3,636,952 and 2,683,136 which patents are 
herewith incorporated herein by reference. One suitable 
suture composition would include copolymers of p-diox- 
anone, trimethylene carbonate and glycolide and copol- 
ymers of lactide and p-dioxanone. Preferred are suture 
compositions derived from lactide and glycolide some- 
times referred to herein as simply homopolymers and 
copolymers of lactide and glycolide and copolymers of 
glycolide and e-caprolactone. 

It will be readily appreciated that coatings may like- 
wise be used with good results on absorbable monofil- 
ament sutures as well as on nonabsorbable monofila- 
ment and multifilament sutures. 

Nonabsorbable sutures such as cotton, linen, silk, 
nylon, polyethylene terephthalate and polyolefins are 
normally coated with nonabsorbable compositions. 
Polyolefins are usually of monofilament construction 
while cotton, linens, silk and polyester are usually of 
braided, twisted or covered multifilament construction. 

The coating mixture usually is applied to the final 
suture structure in order to provide a substantially con- 
tinuous coating on at least the outward facing surfaces 
of the outer-most filaments of the braid. It is understood, 
however, that the coating mixture may be applied, if de- 
sired, to the individual filaments before they are formed 
into strands or to the individual strands before they are 
formed into the final suture structure. This invention is 
not limited as to suture size or composition, but may be 
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practiced, for example, with sutures from size 9-0 to size 
3 and larger, and with other suture materials. In coating 
multifilament sutures, it is not necessary that every fila- 
ment within the suture be individually or completely 
coated. 5 

The improvement in tie-down properties imparted 
to synthetic absorbable sutures may be determined 
semi-quantitatively by comparing the feel of coated and 
uncoated sutures during the act of tying down a single 
throw knot. Such comparisons are preferably made on 10 
both wet and dry sutures since many suture materials 
have different tie-down properties when tested wet or 
dry. 

15 

Claims 

1. A process for coating sutures comprising in a con- 
tinuous process 

20 

contacting a suture with an initial coating mix- 
ture to provide a wet coated suture; 

removing the wet coated suture from the initial 
coating mixture and preventing at least part of 25 
the excess coating mixture on the wet coated 
suture from contacting the initial coating mix- 
ture thereby maintaining the initial coating mix- 
ture at a substantially constant concentration; 
and 30 

drying the wet coated suture to provide a coat- 
ed suture. 

2. The process of claim 1 wherein the initial coating 35 
mixture contains a biocompatable polymer selected 
from the group consisting of homopolymers and co- 
polymers of lactide, glycolide, e-caprolactone, p-di- 
oxanone, trimethylene carbonate, methyl substitut- 
ed derivatives of the methylene carbonate, 1 ,4 di- 40 
oxepan-2-one poly(alkylene oxalate) caster oil de- 
rivatives, polyoxaester, polyoxaamides, copoly- 
mers of vinyl acetates with unsaturated carboxylic 
acids, water soluble or dispersible cellulose deriva- 
tives, natural gums, ethylene oxide polymers, poly- 45 
acrylamide, collagen, gelatin, polyamino acids, pol- 
yvinyl alcohol, absorbable conjugated unsaturated 
triglycerides and combinations and mixtures there- 
of. 

50 

3. The process of claim 1 wherein the initial coating 
mixture additionally contains a fatty acid salt having 
from 1 2-22 carbon atoms 

4. A suture coating apparatus comprising a vessel ss 
suitable for containing a coating mixture having an 
opening suitable for passing at least one suture 
through; a first guide means for directing at least 



one suture along a suture path into a coating mix- 
ture contained in the vessel; a second guide means 
positioned in said vessel suitable for redirecting the 
suture path out of the coating mixture; a third guide 
means suitable for redirecting a suture through a 
sharp turn; wherein the sharp turn is sufficient to re- 
move any excess coating entrained by a suture 
when the suture path is redirected by the third guide 
means and a means for controlling fluid communi- 
cations from the suture path into the vessel. 

5. The suture coating apparatus of claim 4 wherein the 
third guide means is positioned to redirect the su- 
ture path after the second guide means through at 
least about a 120 degree turn. 

6. The suture coating apparatus of claim 4 wherein the 
first guide means is composed of one or more guide 
rollers positioned to orient the suture path between 
the first guide means and the second guide means 
in a substantially vertical and downward path into 
the vessel. 

7. The suture coating apparatus of claim 4 wherein a 
diverter means is positioned above the vessel and 
below the third guide means to control the fluid com- 
munications into the vessel. 

8. A suture coating apparatus comprising a vessel 
suitable for containing a coating mixture having an 
opening suitable for passing a suture through; a first 
guide means for directing a suture into the coating 
mixture contained in the vessel; a second guide 
means positioned in said vessel suitable for redi- 
recting the suture out of the coating mixture; a third 
guide means having a surface which is adjacent to 
or contacts the suture and forms a meniscus that 
remove any excess coating entrained by the suture 
when it is redirected by the third guide means. 

9. A suture coating head comprising a vessel suitable 
for containing a coating mixture having an opening 
suitable for passing a suture through; a first guide 
means for directing a suture from a substantially 
vertical downward path to a substantially vertical 
upward path, said first guide means being posi- 
tioned in said vessel; and a fluid impermeable di- 
verter being positioned to control fluid communica- 
tions from a suture as the suture exits the vessel. 

10. A suture coating head comprising 

a vessel suitable for containing a coating mix- 
ture having a first opening and a second open- 
ing suitable for passing a suture through; 

a frame to which is attached a first guide means 
for directing a sutur from a substantially hori- 
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zontal path to a substantially vertical path and 
a second guide means suitable for redirecting 
a suture from a substantially vertical path to a 
substantially horizontal path, said first and sec- 
ond guide means being oriented along a linear s 
axis, said frame and guides being positioned in 
said vessel; 

a fluid impermeable diverter being within the 
vessel and positioned under and along the lin- 10 
ear axis after the second guide dividing the ves- 
sel into an upper and lower section to control 
fluid communications from the upper section to 
the lower section of the vessel in that region of 
the vessel. is 
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